Unstable spin-1 particles are properly described by including absorptive corrections to the electromagnetic vertex and propagator, without breaking the electromagnetic gauge invariance. We show that the modified propagator can be set into a complex mass form, provided the mass and the width parameters, which are properly defined at the pole position, are replaced by energy dependent functions fulfilling the same requirements at the pole. We exemplify the case for the K * (892) vector meson, where the mass function deviates around 2 MeV from the Kπ threshold to the pole position. The absorptive correction depends on the mass of the particles in the loop. For vector mesons, whose main decay is into two pseudoscalar mesons (P P ′ ), the flavor symmetry breaking induces a correction to the longitudinal part of the propagator. Considering the τ − → K S π − ν τ decay, we illustrate these corrections by obtaining the modified vector and scalar form factors.
I. INTRODUCTION
The absorptive quantum loop corrections introduce the finite width effects for spin-1 unstable particles, while keeping electromagnetic gauge invariance, based in two main observations: In quantum field theory the width is naturally included in the imaginary part of the self-energy of the particles and, the Ward identity is respected at all orders in perturbation theory. These facts are exploited in the so-called fermion/boson loop schemes, which modify consistently the propagator and the electromagnetic vertex [1] [2] [3] [4] . On the other hand, the so-called complex mass scheme [5] has proven to be successful to account for the unstable feature by replacing the squared mass M 2 → M 2 + iMΓ in all the Feynman rules, where Γ is the full decay width. It has been pointed out that there is an equivalence between both approaches [4, 6] , provided a renormalization of the vector field is invoked [6] .
All over this statement, the mass and width parameters in the complex mass scheme are assumed to correspond to the measured ones. In this work we show that, starting from the absorptive corrected propagator, in order to set it into the complex mass form, the mass and width must be replaced by energy dependent functions corresponding to the width and mass at the pole position. We exemplify the case for the K * (892) vector meson, where the mass function deviates around 2 MeV from the Kπ threshold to the pole position, and the width function exhibits a different behavior compared to the uncorrected energy dependent width. Another feature that we study, arising from the absorptive corrections, is the flavor symmetry breaking effect, which induces a correction to the longitudinal part of the propagator. Considering the τ − → K S π − ν τ decay, we exemplify this correction by obtaining the modified vector and scalar form factors for the Kπ spectrum considering the K * (892) and K ′ * (1410) vectors and one scalar particle. Nonetheless, the correction to the scalar form factor is found to be negligible.
II. ABSORPTIVE CORRECTIONS TO THE PROPAGATOR
Let us recall some facts that give ground to the inclusion of the absorptive correction to the propagator we will use later. The propagator for a vector particle (V) of mass m and momentum q at tree level, can be set as:
where 
at tree level, can be set as:
The above expressions for the vertex and propagator satisfy the Ward identity
Upon the inclusion of the contribution from the imaginary part of the one-loop corrections, the propagator is modified in a generic form as:
where the absorptive contribution induced by the particles in the loop are split in a transverse and longitudinal part:
Similarly, the vertex becomes ıeΓ µνλ = ıe(Γ contains the loop corrections. The Ward identity, which is fulfilled order by order, relates the loop contributions by requiring them to satisfy:
For the W gauge boson, the scheme considers that the imaginary part of such loops are dominated by fermions, while for vector mesons like the ρ and K * + , whose main decay is into two pseudoscalar mesons (P P ′ ), bosons are the natural particles in the loop. The transverse and longitudinal part of the absorptive contribution of the self-energy have been calculated for the fermion [1] [2] [3] and the boson [4] loops. Here, we focus in the bosonic case, whose analytic expressions are:
and
where λ(x, yz) ≡ x 2 + y 2 + z 2 − 2xy − 2xz − 2yz. m c and m n are the masses of the charged and neutral particle in the loop respectively and g denotes the strength of the coupling of the vector meson to this pair. Thus, the imaginary correction introduces the width (Γ(q 2 )) in the transversal part and a flavor symmetry breaking term in the longitudinal part of the vector propagator.
The real part correction will provide a mass shift which is neglected all over this description, breaking analyticity, as the finite width effect is expected to be the more relevant feature. Here we stick to the approach used to obtain the above results, but certainly a full consideration of this correction is needed.
III. MATCHING TO THE COMPLEX MASS SCHEME
The propagator in the complex mass scheme takes the following form:
where the width can be either constant or energy dependent. Let us work out the propagator obtained in the boson loop scheme (Eqn. 3) to bring it into the above complex mass form.
Replacing the transverse and longitudinal projectors, it is explicitly given by:
We can split the transverse and longitudinal part in terms of two generalized functions, γ and β respectively, times the squared momentum dependence as follows:
Using the full expression for the corrections Eqns. (6) and (7), the new functions exhibit a mild dependence on q 2 . Upon these definitions, the propagator becomes
This can be set in the complex mass form times a global factor, which can be absorbed into the normalization of the vector state [6] [7] [8] : where the M andΓ functions are defined by:
Note the explicit momentum dependence of such functions. An example of the isospin limit is the correction to the ρ meson, where pions are the on-shell particles allowed in the loop around the ρ pole. In this case, the mass difference between the neutral and charged particle is small and the longitudinal contribution can be effectively neglected (β = 0). The correction 
where the subindex ( 0 ) corresponds to the evaluation of the functions at q 2 = M 2 0 . Then, Figure 1 , we exhibit the corresponding behavior of the mass function compared to the threshold and experimental value. There is a difference between the function at threshold and at the pole position of around 2 MeV, which may be important on precision measurements. This may contribute to explain the mass difference observed between the neutral and charged K * [9] , extracted considering the complex mass form, where, the neutral particle is not influenced by these corrections and should correspond to the mass at threshold. In addition, we notice that the mass equation, once m has been fixed, allows for a second pole solution below threshold, at M = 0.28 GeV.
B. Width
The width function can be obtained from Eqn. (14), by replacing the mass function Eqn.
(13). It takes the following form:
The experimental value of the width corresponds to evaluate the above expression at q 2 = M 2 0 , which in turn takes the simple form: which is nothing else but the original relation Eqn. (6) between the mass and the width at the mass pole. In addition, since β th = γ th = 0, the width function is null at threshold.
In Figure 2 , we exhibit the corresponding width behavior and compare with the constant and standard momentum dependence definition Eqn. (6) . Note that, although the energy dependent width functions take the same value at threshold and at the pole, they approach these values in a very different form.
IV. LONGITUDINAL CORRECTION
The τ
decay involves both vector and scalar form factors for its description [10] [11] [12] . The Belle experimental data [13] exhibited a small substructure on the K s π − spectrum around 0.7 GeV that might be explained by a modified scalar form factor [14] [15] [16] [17] [18] [19] , so far no definite answer has been found. Is in this same scenario where the corrections we have studied might have an effect. Thus, we will obtain the corresponding vector and scalar form factors entering in the description of the process upon the inclusion of the loop corrections discussed in the previous sections. In particular, we expect the longitudinal flavor symmetry breaking correction to modify the scalar form factor. In this section, we follow the standard procedure as in [10] . The probability amplitude can be set as:
where L µ ≡ū ν γ µ (1 − γ 5 )u τ is the leptonic current and H µ is the hadronic current, which can be split into the vector and scalar parts as follows:
where q ≡ q 1 + q 2 , and F Kπ V,S (q 2 ) are the vector (V ) and scalar (S) form factors respectively, which must satisfy:
where
. In addition, the form factors for the decay into
The form factors, upon a Taylor expansion around q 2 = 0, can be set as follows:
where f (0) = f S (0) = 1 and < r 2 > V,S are the vector (V ) and scalar (S) square radius of the meson. On the other hand, the hadronic current can be effectively described assuming that it is dominated by resonances. Usually, considering the K * (892) and K ′ * (1410) vectors and either one or two scalars κ(800) and K * 0 (1430) [10, 13] . In the following we consider the case with a single scalar, denoted in general as K * 0 . The result can be extended straightforward to two scalars:
where we have used a short notation for the corresponding strong couplings
Kπ and the propagators, masses and widths carry a subindex to denote the corresponding particle. Using the modified propagator Eqn. (3), the hadronic current can be set into Eqn. (20) form:
We can identify the vector and scalar form factors in the above equation [20] . Note that they fulfill the relation Eqn.
(21) in the limit q 2 → 0. There, they satisfy that ImΠ L,T (q 2 → 0) → 0. A relation between g 1 and g 2 can be set from the expansion Eqn. (23) and imposing the restriction f S (0) = 1, such that the scalar form factor becomes:
where λ is in general a complex parameter linked to the original couplings by:
Using the same arguments, the vector form factor becomes:
Note that, using the Taylor expansion and the general functions for the transverse and longitudinal contributions Eqn. (10), we can identify a relation for the vector and scalar radius:
where the subindex i = 1 and 2 correspond to K * and K ′ * respectively. Using the above results, we can solve the equations consistently to determine the λ and g 0 parameters, for a given set of values of the vector and scalar radius. They can also be used as free parameters in the fit to the τ → Kπν spectrum. This last is the procedure we will follow.
We can obtain the corresponding description for the form factors for the complex mass form of the propagator by noticing that, in this case, the transverse and longitudinal corrections are taken as equal ImΠ L = ImΠ T = Γ(q 2 ) q 2 . Provided the mass and width are functions of the energy and the mass and width parameters as defined in Eqs. (13) and (14) .
A. Kπ spectrum
The Kπ spectrum for the τ → K S π − ν τ decay is given by:
where Table I . The inclusion of a second scalar (K * 0 (1430)) fades out the features exhibited by a single scalar, we have shown this case for illustrative purposes, since it is the only case were the longitudinal correction can be identified out of the other contributions.
V. CONCLUSIONS
We have shown that a non trivial modification to the propagator of vector mesons, induced by including the absorptive corrections, can be set into a complex mass form, provided the mass and the width parameters are replaced by energy dependent functions fulfilling the same requirements at the pole. We have considered the case for the K * (892) vector meson, to illustrate the meaning of the parameters involved. In particular, we have found that the mass function set to match the complex mass form deviates around 2 MeV from the Kπ threshold to the pole position. This may contribute to explain the mass difference observed between the neutral and charged K * [9] , since the neutral particle is not influenced by these corrections. On the other hand, the width energy dependence is modified exhibiting a different evolution between its value at threshold and at the pole. We can trace back the main source of the modification to the longitudinal correction. By setting this to zero the modification becomes negligible. We would like to stress that, in order to be consistent with the gauge invariance, the use of a complex mass propagator must employ the mass and width functions obtained in this work, which may be important in precision measurements.
We have exemplified the role of the corrections, at the level of the form factors, considering the τ → K s π − ν decay. The modified vector is found to be the same as in the complex mass form, while the scalar form factor receives a modification from the longitudinal correction to the vector propagator. The Kπ spectrum was fitted considering three resonances.
Nonetheless, for this particular case, the induced correction to the scalar form factor was found to be negligible. Another scenarios with stronger flavor symmetry breaking, as those involving D * mesons, and/or scalar dominated processes might be more sensitive to this kind of corrections. We thank Dr. P. Roig for a careful reading of the manuscript and very useful suggestions.
